An exact solution is obtained for the electromagnetic field around a conducting cylinder of infinite length and finite radius, with a periodical axial current, when the wavelength is much larger than the radius of the cylinder. The solution describes simultaneously the fields in the near zone close to the cylinder, and transition to the wave zone. Proper long-wave oscillations of such cylinder are studied. The electromagnetic energy flux from the cylinder is calculated. These solutions could be applied for description of the electromagnetic field around relativistic jets from active galactic nuclei and quasars and particle acceleration inside jets.
Introduction
Objects of different scale and nature in the universe -from both young and very old stars to active galactic nuclei (AGN) (Bridle, 1984; Eilek, 1984; Eilek and Hughes, 1990 ) -show the existence of collimated outbursts or jets. The geometrical sizes of these jets lay between parsecs and megaparsecs. The origin of astrophysical jets is not well understood and only several qualitative mechanisms are proposed. A theory of jets should answer to the question of the origin of relativistic particles in the outbursts from AGN, where synchrotron emission is observed. Relativistic particles, ejected from the central engine, rapidly loose their energy so the problem arises of the particle acceleration inside the jet, see reviews (Begelman et al., 1984; Bisnovatyi-Kogan, 1993) .
It is convenient sometimes to investigate jets in a simple model of infinitely long circular cylinder (Chandrasekhar and Fermi, 1953) . The magnetic field in collimated jets determines its direction, and the axial current stabilizes the jet's elongated form at large distances from the source (e.g., in AGNs) (Bisnovatyi-Kogan et al., 1969) . When observed with high angular resolution these jets show a structure with bright knots separated by relatively dark regions (Bridle, 1984; Eilek, 1984; Thomson et al., 1993) . High percentages of polarization, sometimes exceeding 50% in some objects, indicate the nonthermal nature of the radiation, which is well explained as synchrotron emission of the relativistic electrons in a weak but ordered magnetic field. Estimates of the lifetime of these electrons, based on the observed luminosities Astrophysics and Space Science 297: 9-20, 2005. C Springer 2005 and spectra, often give values much less than the kinematic ages t k /c, where d is the distance of the emitting point from the central source. Because the jet flow is most likely originated from an outburst or continuous outflow from the central source, there is a necessity of continuous re-acceleration of the electrons in the jets in order to explain the observations. The acceleration mechanism for electrons in extragalactic jets proposed in Bisnovatyi-Kogan and Lovelace (1995) considers that intense long-wavelength electromagnetic oscillations accompany a relativistic jet as a result of the non-steady mechanism of the jet's generation in the nucleus of the source. The electromagnetic wave amplitudes envisioned are sufficient to give in situ acceleration of electrons to the very high energies observed >10 13 eV. It was assumed that jets are formed by a sequence of outbursts from the nucleus with considerable charge separation at the moment of the outburst (Bisnovatyi-Kogan et al., 1969) . The direction of motion of the outbursts is determined by the largescale magnetic field. The outbursts are accompanied by an intense electromagnetic disturbance which propagates outward moving with the jet material in the direction of the large scale magnetic field. It was suggested in Bisnovatyi-Kogan et al. (1969) that a toroidal magnetic field, generated during the outbursts is important for the lateral confinement of the jet.
When the plasma density in the surrounding medium is small, the electromagnetic wave generated by the non-potential plasma oscillations of the confined body is emitted outside and can accelerate particles. When the emitted wave is strong enough it washes out the medium around and the density can become very small, consisting only of the accelerated particles. The action of the oscillating knot is similar to the action of a pulsar, considered as an inclined magnetic rotator. Both emit strong electromagnetic waves, which could effectively accelerate particles (Pacini, 1967; Gunn and Ostriker, 1970) . Long-periodic proper oscillations in the plasma cylinder with a finite radius, and emission of electromagnetic waves had been studied in Bisnovatyi-Kogan and Lovelace (1995) , and in a simpler model in Bisnovatyi-Kogan (1996) . Enhanced oscillations in such cylinder have been studied in Bisnovatyi-Kogan (2004) . Both models are represented below.
Cylinder with Oscillating Current
Consider an infinitely conducting circular cylinder in vacuum. This model is valid at low density in surrounding plasma, which cannot screen the emitting electromagnetic wave. The Maxwell equations are (Landau and Lifshits, 1982) div B = 0, rot B = 1 c
